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A B S T R A C T

Sulfated polysaccharides isolated from Codium fragile have been previously demonstrated to possess immune-
stimulating effects on murine cell lines and the fraction F2 (F2) isolated by ion exchange chromatography was
the most effective. In this study, the effects of the fraction F2 were evaluated on the expressions of immune genes
including IL-1β, TNF-α, IL-8, IFN-γ and lysozyme in vitro and in vivo as well as lysozyme and complement
activities in serum of olive flounder, Paralichthys olivaceus. In vitro, these gene expressions were up-regulated by
F2 in head kidney cells. In vivo, IL-1β and IL-8 gene expressions were up-regulated in peritoneal cells, head
kidney, liver, gill and spleen, while TNF-α, IFN-γ and lysozyme gene expressions were mostly up-regulated but
varied depending on tissue types or time points. Indeed, lysozyme and complement activities in serum were
increased. Overall, these results indicate that the sulfated polysaccharides from C. fragile have immuno-stimu-
latory effects on olive flounder and may be used to enhance immunity during aquaculture.

1. Introduction

Olive flounder, Paralichthys olivaceus is abundantly raised in Korea,
Japan and China [1]. During an intensive aquaculture, olive flounder is
exposed to a high risk of infection like other cultured fishes. Among
conventional disease controlling methods, antibiotics have problems of
resistance and residues and vaccination limits its use to only specific
diseases. To overcome these disadvantages, enhancing nonspecific
protective immunity of fish by diet is feasible to promote healthy and
sustainable aquaculture since diet and immunity are closely related [2].

Sulfated polysaccharides (SPs) are anionic macromolecules that
contain sulfates. The SPs from marine algae are known to have various
physiological functions including anti-inflammatory, anti-tumor, anti-
viral and immune modulating activities [3–5]. Codium fragile is a dark
green alga distributed in Asia, Europe, Mediterranean Sea and America
[6]. Tabarsa et al. [7] found that the SPs from C. fragile could activate
NF-κB/MAPK pathways in murine macrophage cell line (RAW264.7) to
produce inflammatory cytokines and the second fraction (F2) of the SPs
fractionated by ion exchange is the most immune-stimulating part.
Surayot et al. [8] also demonstrated that F2 could induce inflammatory
cytokine gene expressions in natural killer (NK) cells through CR3
pathway. Our previous study also revealed that F2 had a stimulatory
effect on IL-1β gene expression in head kidney (HK) cells of olive

flounder [9].
In the present study, we have expanded our study to assess the

immuno-stimulatory effects of the F2 on immune genes in immune
tissues to be used as feed additive to enhance fish immunity in the
future. For this, we analyzed the expression of immune genes including
IL-1β, IL-8, TNF-α, IFN-γ and lysozyme. IL-1β and TNF-α are funda-
mental pro-inflammatory cytokines; IL-1β was the first cytokine char-
acterized in fish [10]. IL-8 is a typical chemokine which mediates
chemotaxis and activation of neutrophils [11]. IFN-γ is the sole member
of type Ⅱ interferon and plays an essential role in both innate and
adaptive immunity [12]. Lysozyme catalyzes the hydrolysis of pepti-
doglycan in bacterial cell wall and can be served as an indicator of the
innate immunity [13]. There are 2 types of lysozymes in Osteichthyes,
i.e., g-type and c-type, and usually the c-type lysozyme is more domi-
nant [14,15].

Therefore, in this study, pro-inflammatory cytokines (IL-1β and
TNF-α), chemokine (IL-8), type Ⅱ interferon (IFN-γ) and c-type lyso-
zyme gene expressions were analyzed to elucidate the immuno-stimu-
latory effects of SPs from C. fragile in vitro and in vivo in olive flounder.
Besides, the activity of lysozyme and complement in serum was also
studied.
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2. Materials and methods

2.1. Polysaccharides

The C. fragile was collected from the coast of Sokcho, Korea, ex-
tracted SPs by distilled water at 65 °C and then fractionated by ion-
exchange chromatography. Three fractions (F1, F2 and F3) were
yielded and the F2 fraction was chosen to assess its immuno-stimulating
effects [7]. The lyophilized F2 was dissolved in 0.01M PBS (137mM
NaCl, 2.7mM KCl, 10mM Na2HPO4, 1.76mM KH2PO4, pH=7.6) with
a concentration of 2mg/mL, autoclaved and stored at −20 °C before
use. The bioactivity of F2 was not obvious affected in the following
experiment after autoclaving.

2.2. Fish

Healthy olive flounder (around 10 g) were purchased from a fish
farm of Geoje island located in southern part of Korea and kept at ap-
proximately 18 ± 1.2 °C in a circular 200 L tank continuously supplied
with seawater in the Marine Biology Center for Research and Education
at Gangneung-Wonju National University, Korea. The fish was fed daily
with commercial diet at a ratio of 0.8% of body weight.

2.3. In vitro analysis

HKs were aseptically taken from four healthy fish after anesthetized
with 0.3‰ 2-phenoxy ethanol (Sigma-Aldrich), passed through nylon
mesh (pore size 100 μm, BD Biosciences, USA) and washed twice with
L15 medium (Gibco, USA) containing 2×Antibiotic-Antimycotic
(Gibco). The cells were adjusted to 1×106 cells/mL with L15 con-
taining 1×Antibiotic-Antimycotic, added 1mL into a well of 12-well
plates and incubated with 0 (control), 0.2, 1 or 5 μg/mL of F2 for 4, 8,
24 h at 20 °C. Then the cells were lysed with QIAzol (Qiagen, Germany)
after removing medium and stored at −80 °C until RNA extraction.

2.4. In vivo analysis

Sixty-four healthy fish (around 10 g) was randomly divided into 4
groups and intraperitoneally (i.p.) injected with 0, 4, 20, or 100 μg of F2
after anesthetization with 0.3‰ 2-phenoxy ethanol. Eight fish in each
group was sacrificed at day 1 or 3 post-injection by overdosed an-
esthetization and cutting spinal cord. Blood was collected from caudal
vein, clotted for 3 h at 4 °C, and centrifuged at 800×g for 10min to
obtain serum. Peritoneal cells (PC) were collected by i.p. injection of
200 μL of PBS, recollecting the liquid and centrifuging at 800×g for
10min. HK, liver, gill, and spleen were aseptically taken, immersed into
1mL of QIAzol and immediately frozen in liquid nitrogen. The samples
were stored at −80 °C until used. The experiments on fish complied
with the Guide for the Care and Use of Laboratory Animals, 8th edition
and approved by Gangneung-Wonju National University.

2.5. Total RNA extraction and cDNA synthesis

Total RNA was isolated using QIAzol following the manufacturer's
instructions and dissolved in nuclease-free water (Gibco). Around 1 μg
of total RNA was reverse-transcribed into complementary DNA (cDNA)
using RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific),
diluted with 480 μL of TE buffer (10mM Tris, pH 8.0; 1 mM EDTA, pH
8.0) and stored at −20 °C.

2.6. Quantitative real-time PCR analysis

To analyze immune gene expression, quantitative real-time PCR
(qRT-PCR) was performed using LightCycler 96 (Roche, Switzerland) in
duplicate for each sample. The qRT-PCR was performed in a 20 μL re-
action volume containing 10 μL of SYBR Green Real-time PCR Master
Mix (TaKaRa, Japan), 2 μL of primer mix containing 5 μM forward and
reverse primers (Table 1), 4 μL of cDNA and 4 μL of nuclease-free water.
The protocol was as follows: initial-denaturation for 600 s at 95 °C;
amplifying for 45 cycles with denaturation for 15 s at 95 °C, annealing
and extension for 1min at 60 °C; reading the plate at 75 °C. Serially
diluted references were used for absolute quantification analysis. After
normalizing to the expression level of housekeeping gene, i.e., EF-1α,
fold changes were calculated by dividing the normalized ratio by con-
trol group at each time point.

2.7. Humoral assay

Lysozyme activity in serum was assessed using EnzChek Lysozyme
Assay Kit (Life technologies, USA). Briefly, 5 μL of serum was diluted
with 45 μL of 1× reaction buffer and incubated with 50 μL of fluor-
escein labeled Micrococcus lysodeikticus (50 μg/mL) for 2 h at 37 °C. The
fluorescence was measured with the excitation/emission wavelengths
of 485/535 nm in Mithras LB 940 (Berthold Technologies, Germany).
The lysozyme activity was calculated from the standard curve made
using serially diluted chicken egg white lysozyme.

The complement activity (alternative pathway) assay was per-
formed following Yano et al. [16] with some modifications. Briefly,
sheep red blood cells (SRBC, Fitzgerald, USA) was washed 3 times and
adjusted to 2×108 cell/mL in EGTA-Mg-GVB (10mM EGTA,
10mMMg2+, 5mM sodium barbiturate, 145mM NaCl, 0.1% (w/v)
gelatin, pH 7.5). Serially diluted serum (100 μL) were added to 40 μL
SRBC in the 96-well plate, incubated in shaking incubator with a speed
of 60× rpm for 90min at 25 °C and then centrifuged at 800×g for
5min at 4 °C. Eighty μL supernatants were transferred to a well of 96-
well plate to check the absorbance at 405 nm in a spectrophotometer
(Biotek, USA). The reciprocal of plasma dilution causing 50% lysis of
SRBC was deemed as ACH50 [17].

Table 1
Oligonucleotide primers used in qRT-PCR analysis.

Genes Primers Sequences (5’ - 3‘) Sizes Accession Nos.

Elongation factor-1α EF-1α F CTCCACTGAGCCCCCTTACA 235 bp AB017183
EF-1α R GTCTCCGTGCCAACCAGAGA

Interleukin-1β IL-1β F GACAGTGAGATGGTGCGATTTC 128 bp AB070835
IL-1β R ACCATCACTGGCCTGTTGTCT

Interleukin-8 IL-8 F CCTCTCTGGCCATCAGTGAAG 135 bp AF216646
IL-8 R AGTGAGAGTTGGGAGAGATTATTTCC

Tumor necrosis factor-α TNF-α F AGGAGGCAGCGGAAAAACA 130 bp AB040448
TNF-α R TAGGCGTCCTCCTGACTCTTCT

Interferon-γ IFN-γ F CTGTCTGTCCCTGTGTCTTTGTG 130 bp AB435094
IFN-γ R GGGCTTCCCGTTGAATCTGT

Lysozyme Lysozyme F GATCCACTGACTACGGCATCTTC 130 bp AB050469
Lysozyme R TTGATCGCCACAATGACATCA
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2.8. Statistical analysis

Statistical analysis was performed with SPSS 16.0 software with the
data represented as the mean ± SEM of 4 or 8 fish in in vitro or in vivo
assay, respectively. The homogeneity of data was checked by Levene's
test, and analyzed the data by ANOVA post-hoc LSD test. The p
value < 0.05 between treatment group and control group was con-
sidered to be significant.

3. Results and discussion

3.1. Effects on pro-inflammatory cytokine and lysozyme gene expression in
vitro

HK cells were chosen for in vitro analysis since HK contains massive
lymphocytes and monocytes in fish [18,19]. When they were co-in-
cubated with F2, immune gene (IL-8, TNF-α and IFN-γ) expressions
were significantly up-regulated at 24 h in 5 μg/mL group; lysozyme
gene expression was significantly up-regulated at 8 h in 0.2 μg/mL
group (Fig. 1). This result is in agreement with previous studies which
demonstrated that F2 up-regulated inflammatory cytokine gene ex-
pressions in macrophages and NK cells via NF-κB/MAPK and CR3-
mediated signaling pathways, respectively [7,8]. Since F2 is mainly
composed of (1→ 3)-β-D-mannan [7], it is postulated that F2 may ac-
tivate immune cells in HK through mannose-binding receptor and
regulate immune functions [20].

3.2. Effects on pro-inflammatory cytokine and lysozyme gene expression in
vivo

In order to analyze in vivo effects, immune-related tissues including
PC, HK, liver, gill, and spleen were taken and found all tested gene
expressions were tend to be significantly up-regulated (Figs. 2 and 3).
We have previously reported the upregulated IL-1β gene expression by
F2 in PC and HK [9]. This is consistent with the in vitro experiment,
indicating an immuno-stimulatory effect of F2 in olive flounder.

On the other hand, although IL-1β and IL-8 gene expressions were
up-regulated in most tissues, TNF-α, IFN-γ and lysozyme gene expres-
sions varied depending on tissues at different time point. TNF-α was
significantly up-regulated in PC and gill at day 1 and 3 while down-
regulated in HK at day 3 and spleen at day 1 (Figs. 2 and 3). IFN-γ was
also significantly up-regulated in PC, HK (day 1), liver and gill while
down-regulated in HK at day 3 (Figs. 2 and 3). Lysozyme was sig-
nificantly down-regulated in PC at day 1 but later significantly up-
regulated at day 3 while it was opposite in HK (Fig. 2).

Different expressional profile of cytokine genes depending on tissues
and time points may be caused by an infiltration of different cell po-
pulations in the tested organs over the time since it is known that i.p.
injection of polysaccharide can induce leukocyte infiltration or varia-
tion of cell population in different tissues. For example, Currier et al.
[21] found that when mice were i.p. injected with polysaccharide
arabinogalactan, the immune and hemopoietic cell lineages in spleen
and bone marrow varied at different time point. Indeed, other cytokines
induced by SP administration may have affected TNF-α, and IFN-γ gene

Fig. 1. Effects of F2 on IL-8, TNF-α, IFN-γ and lysozyme gene expression in vitro. Target gene expressions in head kidney cells were analyzed after incubating with 0
(control), 0.2, 1, 5 μg/mL of F2 for 4, 8, 24 h at 20 °C. The qRT-PCR data were normalized relative to the expression of EF-1α and fold changes were calculated by
dividing the normalized ratio by control group at each time point. Data were represented as means ± SEM (n = 4) and analyzed by ANOVA post-hoc LSD test.
Significant differences are marked as *p < 0.05 or **p < 0.01.
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Fig. 2. Effects of F2 on IL-8, TNF-α, IFN-γ and lysozyme gene expression in PC and HK in vivo. Target gene expressions were analyzed in olive flounder i.p. injected
with 0 (control), 4, 20 or 100 μg of F2 at 1 or 3 day. The qRT-PCR data were normalized relative to the expression of EF-1α and fold changes were calculated by
dividing the normalized ratio by control group at each time point. Data were represented as means ± SEM (n = 8) and analyzed by ANOVA post-hoc LSD test.
Significant differences are marked as *p < 0.05, **p < 0.01 or ***p < 0.001.
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Fig. 3. Effects of F2 on IL-1β, IL-8, TNF-α, IFN-γ and lysozyme gene expression in liver, gill and spleen in vivo. Target gene expressions were analyzed in olive
flounder i.p. injected with 0 (control), 4, 20 or 100 μg of F2 at 1 or 3 day. The qRT-PCR data were normalized relative to the expression of EF-1α and fold changes
were calculated by dividing the normalized ratio by control group at each time point. Data were represented as means ± SEM (n = 8) and analyzed by ANOVA post-
hoc LSD test. Significant differences are marked as *p < 0.05, **p < 0.01 or ***p < 0.001.
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expression in this study. In previous mammalian study, F2 was found to
up-regulate IL-6 and IL-10 [7] which are known to have anti-in-
flammatory function and down-regulate TNF-α and/or IFN-γ [22–25].
On the other hand, it is also known that various transcription factors
oscillate over time and the oscillation can induce different cytokine
gene expression pattern [26].

3.3. Effects on serum lysozyme and complement activity

In the humoral assay, lysozyme and complement activities were
assessed. The lysozyme activity in serum was remarkably up-regulated
in 4 μg group at day 3 (Fig. 4A). According to Sakthivel et al. [27],
when Asian seabass (Lates calcarifer) was fed with polysaccharide from
Kappaphycus alvarezii, an enhanced lysozyme activity was observed;
however, when i.p. injected with the same polysaccharide, the activity
was down-regulated. Peddie et al. [28] observed up-regulation of pro-
inflammatory cytokine genes expression when rainbow trout (Oncor-
hynchus mykiss) was i.p. injected with Ergosan, a commercial algine
based complimentary feedstuff for fish and crustaceans, but lysozyme
activity was unaffected. This could indicate lysozyme activity of olive
flounder is only limited to a narrow F2 dose range.

Meanwhile, in this study, alternative complement activity was sig-
nificantly up-regulated in 20 μg group at day 3 (Fig. 4B), indicating that
F2 can enhance the complement activity. Complement system is a vital
component of the innate immunity system as it can kill the invading
pathogens and serve as a link between innate and adaptive immunity
[29].

In conclusion, the F2 of SPs from C. fragile can stimulate the ex-
pression of IL-1β, IL-8, TNF-α, IFN-γ, and lysozyme genes in major
immune organs and enhance the lysozyme and complement activities in
serum of olive flounder, indicating that the F2 has a similar immuno-
stimulating effect on fish as on mammalian cells and could enhance the
immune protection in fish. Future work will be focused to confirm its
effects on the feeding trial. If the feeding trial obtains similar results,

the polysaccharides from C. fragile may be used as feeding additives to
enhance the immunity of fish.
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